Abstract -This paper discusses the proposed approach for the development of a procedure to provide integration between Marine Stations and different transportation modes in Dubai. Five case studies of existing and proposed marine stations were conducted in order to reach an integration scheme for each one of them. The considered stations contain a mix of different marine transportation modes' stations, located on both sides of Dubai's Creek, tourist and commuter routes, and different land uses surrounding the stations. The case studies results have been used in order to suggest a procedure to be followed and integration items for the overall system of marine transport. A priority list has been proposed to assist decision makers to choose the most effective integration component according to budget availability. It is clearly observed that the best way to achieve integration is to build a multimodal transportation station (transportation hub), however, this approach should be adopted in the early planning stages starting with the Master Plan stage thus it can't be adopted in case of existing stations. In addition, in some cases it is difficult to build multimodal stations to achieve integration within marine modes due to the limitation of locating marine stations to the shoreline and along the waterways, while Metro lines are rigid and not easy to be adjusted. Air-conditioned bridges and tunnels are used to make the walking environment more convenient for pedestrian to walk between different stations. Pedestrian flow and safety are the main items to identify/justify the suggested integration components to insure the cost effectiveness of the solution, however there are other items addressed in the study to prioritize the implementation of suggested solutions through quantitative method.
Introduction
Most of the major cities in the Gulf region have experienced very high rates of growth over the past decade. Dubai is becoming larger and larger with high growth rate due to policies, innovative projects, and ideas implemented in the city. The growth rate of the city is one of the highest in the world, which is related to the high immigration rate rather than fertility rate, thus the city has become the Middle East main business center. On the other hand, the city becomes one of the famous cities for tourist attraction where millions are coming each year, especially during the festivals. In order to provide appropriate services for the increasing population, new businesses investments, and huge projects were announced and started the construction. Some of these huge innovative developments can stand alone as cities.
In order to continue the success story, Dubai paid attention to providing the appropriate infrastructure, where transportation is one of the most important items. Since the city started its growth in 1971 by the announcement of the Emirates Union, the city was depending heavily on road system for transportation. More than 95% of the trips within the city are using private cars, while the system of Public Buses which uses the same road network was carrying only 3% of trips, with the remaining 2% for company buses, school buses, abras, walking, ..etc (these percentages were counted before Dubai Metro lunching in September, 09, 2009 [1] . Automobile ownership and population income have more influence on car share here than the density of land uses as in Lisbon metropolitan area [2] . Since the increase in road network capacity (supply) was not matching the increase in the population (demand), and the city was expanding in all dimensions, therefore the trips became longer, and road congestion started to appear. At the same time, planners expected that a real congestion and air pollution problem may appear if there were no major changes in the travel mode.
To avoid these problems, public transit systems became a must in order to provide new, modern, reliable, high quality, accessible transit system.
As part of the institutional integration, Dubai government established the Dubai Road and Transport Authority (RTA), as a governmental agency responsible for developing and implementing transportation plans in order to provide safe and smooth movement in Dubai. The RTA has introduced 5 agencies which are: Traffic and Road Agency, Rail Agency, Marine Agency, Public Buses Agency, and Dubai Taxi Agency to cover all transportation fields and to implement the recent and reliable best technologies in transportation. Each agency is responsible for a group of transportation modes.
For Public Transport system, to be successfully operated and to achieve an efficient use and cost, they should be: 1) well integrated, 2) completing each other and not competing, 3) providing comparable level of service (LoS), 4) and having a comprehensive fare collection system.
The integration of different transportation modes is one of the most important items to guarantee the success of the public transportation systems. Thus having each system covering the whole city and providing accessibility to each destination in addition to mobility will need huge infrastructure which is very expensive, land consuming, difficult to be achieved technically, and the systems will be underutilized.
RTA has noticed the importance of integration between different modes, so attention has been paid in early stages, and many studies have been conducted to study the accessibility and connectivity between different modes of transport. This work will focus on the hard integration of the marine transportation with other modes.
Literature Review
In developed cities; a comprehensive plan is a must because of the importance of planning for the city growth and development, this saves money and protects the resources. A comprehensive plan has many items and needs many studies and data in order to be completed. However; infrastructure is one of the most important items. Among the infrastructure, the transportation sector has the most attention and in most cases consumes a large portion of city's budget, as it is an essential item in developing the cities and countries. It is important to move people and goods from one location to another and hence to guide the economic wheel including trades, construction, industry, agriculture and tourism. It can be said that transportation is a key component of growth and globalization. "The attractiveness of particular locations depends in part on the relative accessibility, and this in turn depends on the quality and quantity of the transportation infrastructure" [3] .
When planning for transportation systems, and in order to select the most appropriate modes to serve the community, the following perspectives are considered [4] :
• The individual point of view, which is the personal attitudes and perspectives.
• The policy of the community, which is the common good of the city (ex. Dubai City).
• The national efficiency (ex. UAE as overall). Different modes of transportation are used in different cities according to city needs, technology and economy. They can be classified according to the median they use to move in; land, air, and water transport. [5] [6] [7] [8] In general, Marine transportation is used for different purposes including: 1-As part of public transportation system where rivers and canals are available, and in cities with good waterfronts. 2-To support road transportation systems across the rivers where the available bridges are congested. 3-Between Islands especially in cities which consist of islands or has islands with appropriate population. 4-As cheep alternative for transportation modes in poor countries where simple wooden boats are used which are run by man power.
The advantages and disadvantages of marine modes compared to other modes are summarized in Table 1 [4]. The annual public transportation trip rate per person varies in European cities between 100 and 400, and in Britain it varies between 275 and 300. The public transportation usage might be affected in the future in UK, this is because most of the public buses users are old people who do not own cars, while most of the younger groups who form the recent working force own cars and they will continue using their cars [5] . In Germany, public transportation systems are characterized by long history and more efficient use of government subsidies, higher levels and better quality of public transportation supply, better regional integration of public transportation services, more multimodal coordination, and more favorable land use and restrictive automobile policies discouraging car use [9] . On the contrary, the modal share for private cars, in most of the US cities, is much higher since the planning of these cities was encouraging the use of private modes. The public transportation has a small modal share even with the existence of many public transportation systems within cities. This is because of the introduction of public transportation took place almost with automobiles or even after in some cities. Public Transportation in the US is limited to dense areas in large urban regions, and it is mainly for public buses with modal share of 65%, and it is mainly attracting poorer residents who don't have access to a vehicle and live close to a public transportation stop [9] . Another example is Durban in South Africa, people in this city use mainly public transportation in their trips, which are mainly provided by private owners including minibuses, buses and taxis. The modal share is 80% public and only 20% private modes. The main reason for people to use public transportation here is different than European countries; it is mainly because of the cost since most of the citizens are poor and have a low income [10] .
The integration of transportation modes is a new term which started to be used to define the connectivity established among different transportation systems, or modes. It has received more attention recently as a mean of improving public transportation services and reducing the reliance on private cars [11] . There is no agreed or standard definition among planners for integration, thus each group of researchers define it according to their point view or need [11] . "The complexity in defining and evaluating integration stems from the fact that it must be addressed on various levels" [12] . Some researchers divided the integration into soft, hard and institutional integration. Others define it as informative, physical integration, and tariff integration [12] . Third one define integration of public transportation (integrated transport) as a system that provides door to door public transportation services for passengers and divide it to; physical, network, fare, information and institutional integration [11] . Moreover, some of the researchers divide it as operational, and policy integration [12] , and there are lots others.
The integration of different modes can be achieved at three different levels as shown in Integration is an important item to achieve a successful and sustainable transportation system, which is in fact one of the main items for a sustainable community. Successful passenger-oriented intermodal transportation facilities enable easy transfers between various travel modes, which can be achieved by integration [14] . The integration level may include some items that are considered as part of the soft integration; such as fare structure, consistency of signage, maps and plans, frequency and service time tables, passenger information, and route planning and network [7, 11, 12, 14, 15] . Some other integration items are considered hard integration items, including, but no limited to: multimodal stations, walking facilities, bus stops, taxi drop areas, car parking and road access, and bicycle facilities [10, 11, 15, 16] .
Several countries considered transportation integration; such as Canada, China, USA, and Thailand [17] [18] [19] [20] . This paper considers the possible hard integration items to improve the marine transportation mode share in Dubai.
Research Objectives
The main objectives of this research are to: 1. Examine the level of hard integration provided at each case study location. 2. Identify the deficiencies in the hard integration elements at each case study location. 3. Plan appropriate integration system between Marine stations and other modes of transportation considering the limitations at each site.
4. Provide a priority list of different actions that can provide better hard integration.
Methodology
Since integration is to be implemented to many existing stations in addition to planned stations, this makes the cost of implementation relatively high and time required to be relatively long. In this case, decision makers should be able to decide on what station to be considered first and what integration tool will be the most effective one with least cost, thus they need prioritization method. For the purpose of this project, and to prioritize hard integration implementation, quantitative method has been developed which in general adopted the concept of value engineering but tailored to suit project needs. Value Engineering is a tool used usually by engineers to quantify the importance of project items in order to be able to prioritize them or to reduce project cost without affecting its quality [21] . Generally 11 items have been identified as controlling measure, these items were divided into categories and each category was given a weight as shown in Table 2 . Each integration item of developed integration scheme for each station to be examined using items recorded in 
After that, Table 2 is to be used for each integration item of any developed alternative and total weight for each integration item will decide on which one to have higher priority. The highest total number indicates the item has the highest priority and the lowest total number indicates the item is the least important.
Results
This section summarizes the results of case studies of marine stations in Dubai. Most of the case studies are for existing stations which usually include water bus (WB) and Abras, where Water Taxi (WT) has been added except for Shindagha Station which is used for WB tourist route.
Bani Yas Station
The station lies in the CBD area and it is an open station with least facilities integrated with the surrounding landscaping and street furniture. It serves only WB and WT, and the demand is considered low. The land uses for the surrounding is commercial, leisure and offices. Lots of governmental authorities, hotels and main companies lie within the catchment area (DM, Etisalat, chamber of commerce, Sheraton hotel, Intercontinental hotel, Al Maktoom road, and others). The roads are congested most of the morning and evening peak times. Station location and the surroundings are shown in Fig. 2 . All possible integration solutions have been studied with all other modes within catchment area, and finally two integration schemes have been developed for Bani Yas Marine Station which are summarized in Table 3 and shown in Figures 3, and 4. ICTE 121-7 ICTE 121-8 The procedures suggested in this paper was followed and below are important notes: 1-The catchment area has been identified by drawing 2 circles of 300m and 100m radius where the center was in the station.
2-Bus lay by (LB) within the catchment area has been identified where 3 existing lay by has been considered where others weren't considered since they are using the same routes while they are out of pedestrian catchment area.
3-Metro station has been considered even if it is outside the pedestrian catchment area because of its importance. 4-Other Marine station (Union Square ferry station) has been identified within pedestrian catchment area where the integration here is very important.
5-Existing integration facilities has been identified including existing pedestrian zebra crossing within signalized junctions, footpaths, and existing pedestrian bridge on Al Maktoom road. These facilities were used as part of the integration scheme.
6-Opportunity of integrating with other properties has been identified according to the importance of these properties such as DM and Etisalat.
The advantages and disadvantages of each alternative have been studied and recorded in Table 4 .
ICTE 121-9 According to developed quantitative method, the evaluation of integration alternative 1 was done and the results recorded in Table 5 . Taxi & car drop off  4  1  1  1  0  3  0  2  3  2  3  21  Bicycle facilities  4  4  3  1  3  2  4  4  3  2  1  32  New bus lay-by  4  3  2  0  3  3  0  0  3  3  3  24 According to this evaluation, if the integration is to be implemented gradually, it should be implemented according to the following priorities:
1-Provide bicycle facilities and track, this should be implemented along with number 2, otherwise the final grade will be different.
2-Change the road next to DM to pedestrian footpath with shade. 3-Add new bus lay-by opposite to the station on Bani Yas road. 4-Add shade to the existing pedestrian footpath.
5-Add taxi and car drop off.
It is important to know that when evaluation is done using this method, attention should be given to the overall scheme. In some cases an item can't be implemented separately without another one because it will be inappropriate, or will change the cost distribution among the items which will change the results.
Bur Dubai Marine Station
The station lies in the CBD area from Bur Dubai side and it is an open station with least facilities integrated with the surrounding landscaping and street furniture. It serves both WB and Abras and WT in near future but with different routes and the demand considered high for Abras. The land uses for the surrounding is commercial, residential and offices. Lots of old souqs, governmental authorities, banks, companies and small hotels lie within the catchment area. The roads are low capacity with very low mobility which are congested in peak times. Pedestrian movement is very high in the area especially during weekends. The following tables and figures summarize the alternative integration schemes this station. Table 6 summarizes the suggested integration. The advantages and disadvantages of each alternative were recorded in Table 7 . Pedestrian rate in the area is very high where the purpose is usually for shopping and leisure. The community contains lots of old souqs and attraction points such as the Museum and religious facilities.
ICTE 121-11
Similar analyses have been carried out for three more stations; namely: Dubai Old Souq Marine Station, Shindagha Marine Station (tourist), and Union Square Ferry station. .
Conclusions and Recommendations
The study suggested an integration scheme for five Marine transportation stations with other modes of transportation as case studies to develop a systematic methodology to be adapted, by the Marine Agency in Dubai, to design hard integration for their existing and future marine stations. Initially, an integration item can be defined according to the existing or expected passenger flow between the considered marine station and other transportation stations as illustrated in Table 8 . In general, the implementation of hard integration in some cases needs to be prioritized and implemented in phases depending on available resources. These can be divided into 4 categories; a) Quick wins: These are modifications which can be applied with minimum cost and least disturbance and may lead to low and medium effects on the transportation outcomes. These modifications include; bus lay by, taxi and car drop off, bicycle parking and pedestrian crossing. b) Medium term: These are modifications with higher cost, longer construction period and might include; footpath, pedestrian bridge or tunnel, pedestrian shade, increasing car parking and modifying access, adding turning lanes to an intersection, bicycle facilities, shuttle bus service, and new bus route. c) Long term: These modifications in addition to the higher cost they might require approvals of stakeholders and other authorities and might include; new parking lot, multistory car park, change road planning such as changing two way to one way system, change road to pedestrian path, introduction of new bicycle lane, and major change in intersection layout.
d) Planning for future projects: when planning new projects, major transportation hubs to be proposed where all modes are connected in main stations but having different network and coverage area.
To make the process of selection more systematic, quantitative method was developed and used to evaluate the priority of each suggested integration item. The developed method was implemented for Bani Yas Station integration alternative 1, and the results are close to the conclusion indicated above, however, the quantitative method is more realistic and shows some differences because it is implemented in a real situation which is affected by site condition and other factors.
It is important to know that when evaluation is done using this method, a great attention has to be given to the overall scheme. In some cases an item can't be implemented separately without the other one because it will be inappropriate, or will change the cost distribution among the items.
This method is a basic tool, which requires further development to be more comprehensive, where the weights to be given to each item according to the importance and further improvement is recommended as future step.
Recommendations:
The main question raising here is what is the acceptable level of service? And to how extent Dubai government is willing to pay to achieve people comfort?
To answer this question, it is important to review Dubai situation before and after financial crises. Before the financial crisis and during the economical evolution, the government and in order to attract more investment and developers, it was willing to support and subsidize the transportation as part of the infrastructure required to attract investment. Accordingly, extensive transportation infrastructure was built with the most expensive and modern technologies. In addition to capital cost, and in order to run these systems properly, these systems require high operational cost.
When the financial crisis take place, the governmental policies has been reviewed and changed toward more financial sustainability for transportation, where these systems should be able to cover its operational cost, and in some cases the capital cost. According to the existing situation, any new project or improvement should be able to cover the associated cost, and if not possible, it should be highly justifiable.
This project highly recommends that further and detailed study to be conducted to study the best practices and to recommend appropriate governmental subsidy policies which is suitable for all financial situation. On the other hand, the study should suggest other financing solutions and the new public transportation indirect revenues. Other countries best practice should be reviewed to give some guidelines but should not be ad hocked.
During the project, it was noticed that there is a lack of resources and studies regarding integration specially the hard integration. This subject is considered new and thus there is no agreed definition for it. It is highly recommended that study to be conducted covering the overall integration items. Further researches and studies are required to examine the effect of integrating transportation stations on the number of passengers and their convenience.
When studying integration in different levels, it becomes clear that proper land uses planning is an essential element that can help in the success of the integration. The traditional land uses (Pyramid zoning) to be avoided when planning cities, this is because of its negative effect on modal share by increasing dependence on private cars and make integration with transit systems difficult. It is recommended that planning authority in the city to review its land uses planning by giving more attention to public transportation, and plan mixed used communities or transit oriented development (TOD). Then new zoning would reduce the capital and operational cost of public transportation system and will allow direct integration of the stations with properties generating high trips.
ICTE 121-13
Finally, the proposed quantitative method proposed in this project used some assumed values for the weights. These weights have to be evaluated through a comprehensive study that includes detailed surveys of users, operators, and experts in order to achieve the most suitable values for these weights.
